Chronic beryllium disease (CBD) is caused by exposure to beryllium in the workplace, and it remains an important public health concern. Evidence suggests that CD4 + T cells play a critical role in the development of this disease. Using intracellular cytokine staining, we found that the frequency of beryllium-specific CD4 + T cells in the lungs (bronchoalveolar lavage) of 12 CBD patients ranged from 1.4% to 29% (mean 17.8%), and these T cells expressed a Th1-type phenotype in response to beryllium sulfate (BeSO 4 ). Few, if any, beryllium-specific CD8 + T cells were identified. In contrast, the frequency of beryllium-responsive CD4 + T cells in the blood of these subjects ranged from undetectable to 1 in 500. No correlation was observed between the frequency of beryllium-responsive bronchoalveolar lavage (BAL) CD4 + T cells as detected by intracellular staining and lymphocyte proliferation in culture after BeSO 4 exposure. Staining for surface marker expression showed that nearly all BAL T cells exhibit an effector memory cell phenotype. These results demonstrate a dramatically high frequency and compartmentalization of antigen-specific effector memory CD4 + cells in the lungs of CBD patients. These studies provide insight into the phenotypic and functional characteristics of antigen-specific T cells invading other inaccessible target organs in human disease.
Introduction
Due to its unique chemical and physical properties, beryllium continues to be used in the ceramics, electronics, telecommunications, aerospace, and defense industries (1, 2) . It is estimated that more than 800,000 workers in the US have been exposed to beryllium and are therefore at risk for developing chronic beryllium disease (CBD) (1) . This disorder develops in 1-16% of exposed workers, depending on the nature of the exposure and the genetic susceptibility of the individual (3) (4) (5) . Genetic susceptibility and beryllium presentation have been associated with certain HLA-DP alleles, particularly those possessing a glutamate at position 69 (Glu 69 ) of the DP β chain (6) (7) (8) (9) (10) , and the greatest risk for disease development occurs in those exposed individuals possessing two HLA-DP Glu 69 -containing molecules (8) .
CBD is characterized by the accumulation of CD4 + T cells and the presence of noncaseating granulomatous inflammation in the lung. This disease is clinically and pathologically similar to a more common idiopathic disease, sarcoidosis (11, 12) . Considerable evidence suggests that CD4 + T cells are important in the initiation and perpetuation of the berylliuminduced immune response (13) (14) (15) (16) . The ability of peripheral blood and/or bronchoalveolar lavage (BAL) CD4 + T cells to proliferate in the presence of beryllium salts in vitro forms part of the current disease definition of CBD, and the development of granulomatous inflammation is associated with the accumulation of activated CD4 + T cells in the BAL (16) (17) (18) (19) . Analysis of T cell receptor (TCR) expression on BAL CD4 + T cells has shown the presence of oligoclonal expansions and TCR motifs specific for beryllium-reactive T cells (20, 21) . In addition, recognition of beryllium by CD4 + T cells in CBD patients involves the same HLA-DP alleles associated with disease susceptibility (9, 10) . Similar to sarcoidosis (12) , CBD appears to be characterized by Th1-type cytokine production in the target organ (22, 23) .
In the current study, we used intracellular cytokine staining and proliferative responses to quantitate and characterize beryllium-specific T cells in the lung and blood of CBD patients. The results demonstrate a remarkably large and compartmentalized collection of Th1-secreting antigen-specific effector memory T cells in the target organ. The characteristics of these cells and their paucity in blood have important implications for the study of other CD4 + T cell-dependent diseases.
Methods

Study population.
Twelve CBD patients were consecutively enrolled based on the availability of BAL samples. Clinical characteristics are shown in Table 1 . The diagnosis of CBD had been previously established using defined criteria (16, 24) , including the presence of granulomatous inflammation on lung biopsy, a history of beryllium exposure, and a positive proliferative response of blood and/or BAL T cells to beryllium sulfate (BeSO 4 ) in vitro. Exposure to beryllium occurred in the ceramics, nuclear weapons, and metal alloy industries. All patients had active disease based on elevated BAL white blood cell (WBC), lymphocyte, and CD4 T cell counts compared with normal control subjects evaluated at evaluated at National Jewish Medical and Research Center (15, 20) . Four of the 12 patients were chronically treated with corticosteroids. Consistent with the progressive nature of CBD, treated subjects had a longer mean duration since disease diagnosis (116 ± 9.3 vs. 41 ± 22 months). Their disease also appeared to be more active, based on higher BAL WBC counts (80 ± 18 vs. 48 ± 8), higher percentage of lymphocytes (64 ± 10 vs. 33 ± 7), and higher percentage of T cells expressing CD4 (94 ± 6 vs. 75 ± 17). No differences in results were noted for corticosteroid-treated versus untreated patients in the current study, and therefore patients were grouped together for the analyses presented. A group of five sarcoidosis patients and five normal control subjects served as negative controls for the BAL and blood studies, respectively. Informed consent was obtained from each CBD patient and control subject, and the protocol was approved by the Human Subject Institutional Review Boards at the University of Colorado Health Sciences Center and National Jewish Medical and Research Center.
Preparation of peripheral blood and BAL cells and cell culture. PBMCs were isolated from heparinized blood by Ficoll-Hypaque density gradient separation (20, 21) . BAL was performed as previously described (25). The yield of WBCs and the percentage of various cell subsets are shown in Table 1 .
Proliferation assays were performed as previously described (9, 21) . In brief, BAL cells (1 × 10 5 cells per well) and PBMCs (2.5 × 10 5 cells/well) were cultured in 96-well flat-bottom microtiter plates in the presence of 5 µg/ml phytohemagglutinin for 48 hours or 1 × 10 -5 M BeSO 4 for 3 days. The wells were then pulsed with 1 µCi of [ 3 H]thymidine for an additional 18 hours, and incorporation of radioactivity was determined by β-emission spectroscopy. Proliferation assays were performed in quadruplicate.
For stimulation of cytokine secretion, BAL cells (2.5 × 10 5 to 5 × 10 5 cells) or PBMCs (1 × 10 6 cells) were placed in polypropylene tubes (12 × 75 mm; Fisher Scientific Co., Pittsburgh, Pennsylvania, USA) containing 1 ml of RPMI 1640 supplemented with 10% heat-inactivated human serum (Gemini BioProducts, Woodland, California, USA), 20 mM HEPES, 1 mM sodium pyruvate, 100 U/ml penicillin, 100 µg/ml streptomycin, and 2 mM L-glutamine (all from Life Technologies Inc., Gaithersburg, Maryland, USA) and one of the following experimental conditions: medium alone, 10 ng/ml staphylococcal enterotoxin B (SEB), or 1 × 10 -5 M BeSO 4 . Cells were incubated for a total of 6 hours at 37°C in a humidified 5% CO 2 atmosphere with 10 µg/ml brefeldin A added after the first hour of stimulation, as previously described (26) (27) (28) . In some experiments, the presenting MHC class II molecules were determined by the addition of blocking mAb's to HLA-DR (hybridoma LB3.1; American Type Culture Collection, Manassas, Virginia, USA), HLA-DP (hybridoma B7.21; a gift from Ian Trowbridge, Salk Institute, La Jolla, California, USA), and HLA-DQ (hybridoma SVLP3; a gift from Francisco Sinigaglia, Roche Milano Ricerche, Milan, Italy) at the beginning of culture as previously described (9) . Control experiments using these antibodies have been previously presented (9) .
Immunofluorescence staining and analysis for intracellular cytokine expression. After stimulation, cells were washed and stained with mAb's directed against CD4 and CD8 (both from Becton Dickinson Immunocytometry Systems, San Jose, California, USA) as described (26) (27) (28) . Cells were washed with PBS containing 1% BSA and placed in fixation medium (Caltag Laboratories Inc., Burlingame, California, USA) for 15 minutes at room temperature. Following washing with PBS containing 1% BSA, cells were added to permeabilization medium The lymphocyte population was identified using forward and 90°light scatter patterns, and fluorescence intensity was analyzed using a FACSCalibur cytometer (Becton Dickinson Immunocytometry Systems) as previously described (20, 21) .
Immunofluorescence staining and analysis for TCR and other cell surface markers. For analysis of TCR Vβ expression, mAb's directed against ten different TCR Vβ receptors were used. BAL samples were stained using biotinylated mAb directed against Vβ3.1, Vβ5.1, Vβ6.7, Vβ8.1, Vβ9, Vβ12, Vβ13.1, Vβ13.2, Vβ14, and Vβ17 as previously described (20) . Streptavidin-phycoerythrin (Fisher Biotech, Pittsburgh, Pennsylvania, USA) was used as a second-step reagent for TCR staining. In other studies, surface markers were specifically stained with phycoerythrin-labeled mAb's to CD11a, CD45RO, CD62L, and CCR7 (all from Becton Dickinson Immunocytometry Systems). Cells were also costained with peridinin chlorophyll protein-labeled CD4 and FITC-labeled CD8 (both from Becton Dickinson Immunocytometry Systems). Flow cytometric analysis was performed as described above. Th1-type cytokine production in BAL T cells after BeSO 4 exposure. Using intracellular cytokine staining as a measure of response, BAL T cells were stimulated with beryllium or SEB for a total of 6 hours. In Figure 2a , representative examples of intracellular cytokine staining of BAL cells from a sarcoidosis control subject are shown. As expected, we observed minimal background IFN-γ production with medium alone, and lower than background levels were observed following the addition of BeSO 4 . This finding is consistent with our previous studies, in which we found that exposure of peripheral blood CD4 + T cell clones from normal subjects to BeSO 4 inhibited lymphocyte proliferation (21) . On the other hand, lymphocytes from the lungs of sarcoidosis patients do possess the ability to secrete Th1-type cytokines. In the example shown (Figure 2a) , 34% of CD4 + and 24% of CD8 + T cells expressed IFN-γ after SEB stimulation. Overall, none of the BAL lymphocytes from the sarcoidosis subjects studied demonstrated cytokine production following exposure to BeSO 4 
Results
Proliferative responses of BAL cells and PBMCs to
(Figures 2a).
Representative examples of intracellular cytokine staining of BAL cells from a CBD patient (patient 4) are shown in Figure 2b . Minimal IFN-γ production was seen with medium alone, whereas SEB stimulation induced IFN-γ expression in 55% of the CD4 + cells and 46% of the CD8 + cells. Remarkably, 16% of this patient's CD4 + T cells were beryllium-specific, as determined by BeSO 4 -induced IFN-γ expression. In contrast to SEB stimulation, few if any CD8 + T cells stained positively for IFN-γ after BeSO 4 stimulation. In all of the CBD patients studied, the CD4 + T cells expressing IFN-γ also coexpressed the activation marker CD69 (Figure 2c ). BAL CD4 + T cells from CBD patients demonstrated a striking frequency of beryllium-responsive CD4 + T cells and polarized Th1-type cytokine profile ( Figure  3a) . For example, studies of cells from patient 1 showed that 23%, 14%, and 28% of BAL CD4 + T cells expressed IFN-γ, IL-2, and TNF-α, respectively, after exposure to beryllium. A similarly high frequency of beryllium-specific BAL CD4 + T cells expressing IFN-γ, IL-2, and TNF-α was present in patients 2 and 3 ( Figure 3a) . In contrast, IL-4 expression after beryllium stimulation was no greater than background in any of the CBD patients studied (shown for patients 1 and 2 in Figure  3a) . Control experiments using PBMCs from normal subjects stimulated with PMA and ionomycin documented IL-4-producing cells and our ability to detect this cytokine if produced (data not shown). Figure 3a also shows that few, if any, CD8 + BAL T cells produce cytokines in response to BeSO 4 stimulation.
Most beryllium-specific CD4 + T cells are capable of secreting both TNF-α and IFN-γ (Figure 3b ). In contrast, a much smaller subset of IFN-γ-producing cells also produce IL-2. In the example shown, approximately 40% of the IFN-γ-producing cells were unable to express IL-2.
Cryopreserved BAL samples of CBD patients 3 and 4 from earlier time points were available for analysis. The frequency of beryllium-responsive CD4 + T cells in the earlier sample from patient 3 was comparable to results 24 months later (15% vs. 13%). In patient 4, the frequency of beryllium-responsive CD4 cells also changed little (20% to 16%) over a 2-year period. Both of these individuals were being treated with corticosteroids at both time points. Thus, despite treatment, the high frequency of beryllium-specific CD4 + T cells in the lung persists over time. Figure 4 shows the frequency of beryllium-specific CD4 + T cells in BAL for all CBD patients and sarcoidosis subjects evaluated. The percentage of CD4 + T cells staining positively for IFN-γ ranged from 1.7% to 29% (mean 15.3% ± 2.7%), while the percentage of cells expressing TNF-α ranged from 1.4% to 29% (mean 17.8% ± 3.6%). A lower frequency of CBD BAL CD4 + T cells expressed IL-2 (1-20%, mean 8.8% ± 1.9%). Individuals with a high frequency of cells expressing IFN-γ after beryllium stimulation (patients 1, 2, 6, and 9) also expressed higher levels of TNF-α and IL-2. Conversely, subjects with a low frequency of cells expressing IFN-γ after beryllium stimulation (patients 5 and 10) expressed lower levels of TNF-α and IL-2. We observed no association between the frequency of beryllium-specific BAL CD4 + T cells and months of beryllium exposure in the workplace or months since diagnosis (data not shown). The frequency of IFN-γ-expressing CD4 + T cells in the corticosteroid-treated group (patients 1, 3, 4, and 8) and the untreated group was similar (16% ± 5% vs. 15% ± 3%; P = 0.9). None of the CD4 + T cells from sarcoidosis patients expressed cytokines after BeSO 4 exposure in culture.
Inhibition of beryllium-induced responses with mAb's to MHC class II molecules. Previous studies have shown the importance of particular HLA-DP molecules in beryllium presentation to BAL CD4 + T cell lines from CBD patients (9, 10). In the current study of ex vivo BAL samples, we used blocking mAb's to HLA-DP, -DR, and -DQ to determine the MHC class II molecules involved in beryllium stimulation of cytokine secretion. Figure 5a shows the results of an experiment with BAL cells from patient 12, in which beryllium-stimulated IFN-γ secretion was completely inhibited by the addition of the anti-DP mAb. No inhibition was noted with the anti-DR and -DQ mAb's. Since CBD patient 12 is homozygous for HLA-DPB1*0201, the data indicate that beryllium recognition in the lung of this subject is restricted by DPB1*0201 and not by DR or DQ. In studies of BAL cells from five different CBD patients, the addition of 30 µg/ml of anti-DP mAb resulted in 88% ± 4% (range, 75-98%) inhibition of beryllium-stimulated IFN-γ expression (Figure 5b ). Much less inhibition of IFN-γ expression (27% ± 10%) was noted with saturating amounts of the anti-DR mAb, and a lack of inhibition was observed with the anti-DQ mAb.
Assessment of beryllium-specific cytokine-producing cells in blood.
Most of these CBD patients demonstrated beryllium-specific T cells in the peripheral blood as detected in proliferation assays (see Figure 1b) . However, previous studies of TCR expression suggested that expanded beryllium-responsive CD4 + T cell clones in the BAL of CBD patients are rarely present in the circulating pool (21) . We measured intracellular cytokine expression after the stimulation of blood cells from CBD patients (Figure 6 ). Despite a frequency approaching 21% in the BAL of patient 2, the frequency of beryllium-specific CD4 + T cells for IFN-γ was 0.05% (1 in 2,000) (Figure 6a ). Similar to the results in BAL, the beryllium-responsive T cells in blood were confined to the CD4-expressing T cells, although both CD4 + and CD8 + T cells expressed IFN-γ following SEB stimulation (Figure 6a ). For the eight CBD patients evaluated, beryllium-responsive T cells were detected in blood in only three subjects (Figure 6b) , and the highest frequency was only 1 in 500 cells.
Discordance between the number of beryllium-responsive cytokine-secreting and proliferating cells. We found no correlation between the frequency of beryllium-stimulated cytokine-producing CD4 + T cells and beryllium-induced lymphocyte proliferation for the eight CBD patients who had both assays performed (r 2 = 0.028, P = 0.69). Three CBD patients (patients 4, 6, and 9) showed very high frequencies of berylliumspecific CD4 + T cells (16%, 24%, and 26%) but demonstrated minimal lymphocyte proliferation. These data suggest that certain antigen-specific CD4 + T cells in humans may be able to secrete Th1-type cytokines after stimulation but are temporarily or permanently unable to proliferate. A similar lack of correlation between cytokine secretion and proliferation was observed in the peripheral blood studies (compare Figures 1b and 6b) .
Memory cell marker expression. Due to the compartmentalization of beryllium-responsive T cells in the lung of CBD patients, we analyzed the expression of CD45RO, CD62L, CD11a, and CCR7 on BAL CD4 + T cells (Figure 7a ). Greater than 99% of BAL CD4 + T cells express CD45RO and CD11a. In addition, these cells also express the adhesion molecule CD44 (data not shown). Surface expression of CD62L and CCR7 by BAL CD4 + T cells ranged from 0.7% to 8.3% (mean 3.5% ± 1.4%) and 2.3% to 27% (mean 9.8% ± 4.5%), respectively. Thus, the majority of BAL CD4 + T cells appear to be effector memory T cells, lacking expression of CD62L and CCR7. As shown in Figure 7 , b and c, BAL CCR7 + CD4 + T cells lack the ability to express IFN-γ after short-term exposure to either SEB or BeSO 4 , and essentially all IFN-γ and IL-2 was produced by BAL CD4 + T cells that lacked CCR7 expression.
TCR Vβ repertoire of beryllium-specific memory effector BAL CD4 + T cells. Although TCR Vβ subset expansions in the BAL of CBD patients have been previously identified, marked heterogeneity within the BAL CD4 + T cell repertoire characterizes this disease (20) . In the current study, we examined whether TCR Vβ expression was selectively skewed in the berylliumspecific (IFN-γ-secreting) CD4 + T cells compared with other CD4 + T cells in BAL. A panel of ten anti-TCR mAb's, covering approximately 35% of the normal CD4 + TCR Vβ repertoire, was used based on previous studies showing that these Vβ subsets encompassed most of the abnormalities found in the CBD population (20) . In the current study, these antibodies covered over 70% of the repertoire expressed by beryllium-specific cells in the five CBD patients analyzed (Figure 8) . The results showed that TCR Vβ expression is remarkably diverse in the beryllium-specific (IFN-γ + ) population (Figure 8) . No Vβ-expressing subset dominated this population in any individual. Consistent with previous studies (20, 21) , we noted different individuals with percentages of Vβ3 + , Vβ8 + , Vβ13.1 + , and Vβ17 + cells increased more than twofold in the IFN-γ + versus the IFN-γ -
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The populations, perhaps reflecting clonal or oligoclonal expansions expressing that particular Vβ. These individual differences were responsible for the increased mean values for the subsets shown in Figure 8 , and for each TCR Vβ analyzed, no statistically significant differences were seen in the mean (± SEM) levels of TCR expression in the IFN-γ + versus the IFN-γ -populations of all patients analyzed.
Discussion
Following exposure to beryllium in the workplace, a subset of individuals develop an accumulation of CD4 + T cells and granulomatous inflammation in the lung (2) . The BAL CD4 + T cell population contains oligoclonal expansions of antigen-specific T cells that recognize beryllium in association with certain HLA-DP molecules on the surface of antigen-presenting cells (9) . Following beryllium recognition, subsets of these cells proliferate and secrete Th1-type cytokines (2, 9, 21, 22) . With the large number of lymphocytes accumulating in the lungs of CBD patients, this disease forms an ideal system in which to define the functional and phenotypic characteristics of antigenspecific CD4 + T cells in a target organ. In the present study, we used intracellular cytokine staining of BAL and blood cells to characterize beryllium-specific T cells in these compartments. Our results demonstrate a striking number of HLA-DP-restricted, berylliumresponsive, Th1-type cytokine-secreting CD4 + T cells compartmentalized to the lung in CBD patients. In addition, BAL CD4 + T cells expressed a surface marker pattern indicative of terminally differentiated effector memory T cells. Although it is possible that BAL CD8 + cells were unable to respond to beryllium under the experimental conditions used in this study, the data suggest that these cells play a minor, if any, role in the pathogenesis of this disease. Due to the inaccessibility of antigen-specific T cells in target organs in humans as well as the absence of the known etiologic antigen or autoantigen in the majority of immune-mediated diseases, the prevalence of antigen-specific CD4 + T cells in target organs has not been well delineated. In the present work, we were able to study an immune-mediated disease with a known pathogenic antigen. Although our findings may not reflect the spectrum of CBD as a whole, our results demonstrate frequencies of IFN-γ-, TNF-α-, and IL-2-producing beryllium-specific CD4 + T cells in BAL ranging up to 29% of all of the CD4 + T cells in this organ. A lesser quantity of BAL T cells produced IL-2 after BeSO 4 exposure as compared with either IFN-γ or TNF-α. These findings are consistent with the work of Reinhardt et al. (29) , who found that memory CD4 + T cells in the lungs of C57BL/6 mice produced more IFN-γ, while memory cells from lymph nodes produced more IL-2, suggesting that memory T cells residing in lymph nodes and nonlymphoid organs possessed different functional capabilities. Thus, in an organ characterized by the infiltration of effector Th1-type memory T cells, similar expression of IFN-γ and TNF-α and less IL-2 after antigen exposure may be expected.
Compared with the precursor frequency of antigenspecific T cells found in target organs of other diseases, the quantity of beryllium-specific CD4 + T cells present in the lungs of CBD patients is striking. For example, the frequency of CD4 + T cells specific for Mycobacterium leprae antigens in tuberculoid skin lesions was estimated to be 1 in 50, which was 100-fold higher than in the blood of the same individuals (30, 31) . In patients with treatment-resistant Lyme disease, CD4 + T cells specific for Borrelia burgdorferi peptide (OspA 164-183) were identified in the synovial fluid at frequencies ranging from 0.5% to 3.1% of CD4 + T cells (32) .
Susceptibility to beryllium sensitization and CBD has been strongly associated with particular HLA-DP alleles (6) (7) (8) 33 ). Using T cell lines and clones derived from CBD patients, previous studies have shown that the MHC class II molecules involved in beryllium presentation match those HLA-DP alleles implicated in genetic susceptibility (9, 10) . The present findings with freshly isolated BAL cells confirm that the great majority, and in some subjects all, of beryllium presentation is occurring through HLA-DP, with a minor role for HLA-DR and no involvement of HLA-DQ. Both proliferative and cytokine-secreting responses to beryllium appear to be mostly dependent on presentation through HLA-DP. The HLA-DP polymorphic charged residues important for beryllium presentation are predicted to be pointing into the peptidebinding cleft, thus affecting beryllium binding through the peptides bound in the groove (9) . Together, this manner by which HLA-DP residues appear to affect beryllium presentation, the high frequency of beryllium-specific T cells in lung, and the diverse TCR Vβ repertoire among beryllium-specific CD4 + T cells suggest that a variety of peptides bound to HLA-DP are capable of interacting with beryllium and subsequently being recognized by CD4 + T cells.
Previous studies have suggested a separation of lung and blood CD4 + TCR repertoires in CBD patients (20, 21) . The present study reinforces this compartmentalization of beryllium-specific CD4 + T cells within the lung, which appears to be explained by the large accumulation of Th1-type cytokinesecreting effector memory cells. In addition, our findings suggest that these CD4 + T cells may permanently reside in the lung and not continuously recirculate through the bloodstream. A potential mechanism underlying the differentiation and compartmentalization of antigen-specific CD4 + T cells in CBD may be the persistence of beryllium in the lungs of these patients, which can be detected years after removal from the workplace (1). Concordant findings have been reported in animal models following Sendai virus infection in C57BL/6 mice, where 13.2% of BAL CD4 + T cells were specific for an epitope of hemagglutinin-neuraminidase compared with 0.11% in mediastinal lymph nodes and 0.06% in the spleen (34) . In addition, months to years after antigen challenge, Bice et al. (35, 36) observed the production of antibody by B cells localized to the lungs of beagles, confirming the maintenance of long-term antibody responses in the lung. Our findings have important implications for other CD4 + T cell-mediated diseases with inaccessible target organs, such as multiple sclerosis and type 1 diabetes. In addition, this study helps explain the findings of others that the frequency of antigen-specific CD4 + T cells in the peripheral blood of autoimmune disease patients may be too low to allow direct visualization (37) .
Following exposure to antigen presented by dendritic cells in lymphoid tissues, naive T cells become activated, proliferate, and migrate to sites of inflammation. While the majority of antigen-primed T cells die, a subset develops into memory cells, which provide for a more rapid and effective secondary immune response (38) . There appear to be at least two subsets of memory T cells, each possessing different migratory and functional capabilities (38) (39) (40) (41) . The effector memory T (T EM ) cell represents a terminally differentiated cell that immediately produces cytokine after stimulation and lacks the lymph node homing receptors CD62L and CCR7. Conversely, the central memory T (T CM ) cell expresses both CD62L and CCR7 and lacks immediate effector cell function. Once restimulated, T CM cells are capable of differentiating into T EM cells. Based on their cytokine-secreting responses and lack of CD62L and CCR7 expression, we conclude that the majority of beryllium-specific T cells in the lungs of CBD patients are highly differentiated effector memory T cells. These cells also express receptors such as CD11a that allow entry into inflamed tissues, and greater than 99% of BAL T cells express CD45RO and CD44. These observations are not specific for CBD patients, since BAL CD4 + T cells from normal subjects have also been found to express low levels of CCR7 (9.4% of those cells) (42) . There also exists in the lung a much smaller population of central memory CCR7 +
